For the last three decades, the engineering higher education and professional environments have been completely transformed by the 'electronic/digital information revolution' that has included the introduction of personal computer, the development of email and world wide web, and broadband Internet connections at home. Herein the writer compares the performances of several digital tools with traditional library resources. While new specialised search engines and open access digital repositories may fill a gap between conventional search engines and traditional references, these should be not be confused with real libraries and international scientific databases that encompass textbooks and peer-reviewed scholarly works. An absence of listing in some Internet search listings, databases and repositories is not an indication of standing. Researchers, engineers and academics should remember these key differences in assessing the quality of bibliographic 'research' based solely upon Internet searches.
Introduction
Engineering is related to the application of science to real-world applications. Engineering graduates must be familiar with practical applications and relevant solutions, often based upon past experience and current state of the art. For the last three decades, the higher education and professional environments have been completely transformed by the 'electronic/digital information' revolution. That has included the introduction of personal computer, the development of email and world wide web, the introduction of search engines, and broadband Internet connections at home (table 1) . This tendency has been associated with the development of digital resources, e-journals, but also computer-based courses and 'virtual learning', too often at the expenses of technical scholarship and practical studies in university studies. All these e-resources have had some impact on the access and retrieval of technical information used in engineering projects. In this note, the writer reviews the impact of commercial search engines, international databases, and related Internet based resources on engineering teaching and research, especially civil engineering. The study is based partly upon the experience of the writer as an university academic, a hydraulic researcher and an expert consultant for the hydraulic engineering industry.
Information collection in engineering
The retrieval and use of technical documentations is an important component of engineering education including design projects and postgraduate research. It may be also a significant component of professional design projects undertaken by consulting engineers. Searching, finding and accessing the right information were traditionally undertaken in libraries : i.e., university libraries, state libraries, professional libraries and personal collections. This approach has shifted towards Internet-based searches for the last decade. These include Internet library catalogues, international databases and specialised search engines. A library is 'a place where books, recordings, films, etc are kept for reference or for borrowing by the public' (The Penguin English Dictionary). Traditional libraries used to store and provide textbooks, handbooks, monographs periodical publications, theses and archive collections. Nowadays most libraries offer a broader range of services including printed materials, multimedia, on-line information resources, and in-person and on-line assistance.
Applications in engineering
For engineering students, researchers and engineers, a project starts with some bibliographic research that involves (1) a search for relevant titles and listings, and (2) the retrieval of the most appropriate documents. These two phases may involve distinct specific techniques and they should not be mistaken. Further the two stages must be followed by a critical analysis of the retrieved information that is not discussed herein. For example, let us consider the design of a hydraulic jump energy dissipator at the downstream end of a spillway ( figure 1 ). An engineer must first search for the relevant terms : e.g., hydraulic jump, energy dissipation, spillway. Then he will select, retrieve and analyse the few, most relevant documents.
There is a basic difference between the search and retrieval stages. The search may be conducted in a library or on-line using library catalogues, scientific databases and Internet search engines. The search results provide a very broad listings of relevant materials and resources that must be critically ranked. For example, a search for "hydraulic jump, energy dissipation, spillway"in Google ™ yields 12,400 results, while a search with Google Scholar ™ gives 219 titles! (Of the 219 documents listed by Google Scholar ™ , more than 50% are not open access.) For comparison, a search in Web of Science ™ yields 22 refereed journal publications. The second stage, the "retrieval", is closely linked with (a) a selection of the most relevant results of the search, and (b) the rights and permission to access the resources. Engineering students and academic researchers may access a wide range of physical and electronic resources provided by their university library. These encompass the physical collections, the electronic periodical subscriptions and open access repositories. Professionals have usually some restricted access to these services. The cost of traditional libraries and international databases is often prohibitive. Many consulting engineers can only access commercial search Although some ranking of the search results may based upon the number of citations or cross-references (e.g.Web of Science ™ , Google Scholar ™ ), the final selection of the relevant references derive often from an iterative process involving the search, retrieval and analysis of the documents by the engineers, which may lead to further relevant documents.
Comparison between commercial search engine and international databases
Some recent studies compared the search outputs of Google Scholar ™ and ISI Web of Science ™ Shaw 2005, Noruzi 2005 ), although they did not encompass engineering. Herein the writer tested and compared the outputs/performances of commercial Internet resources, international databases, digital repositories and traditional library resources. Table 2 lists some comparative search results from three international scientific databases, an electronic repository and Google Scholar ™ for several hydraulic engineering topics including tidal bore and broad-crested weir.
First it is important to remember that the search engine Google Scholar ™ is a commercial tool from a dominant market leader which is developing new Internet services. The search engine Google Scholar ™ is not an independent scientific database like EI Compendex ™ and ISI Web of Science ™ which includes Science Citation Index ™ . Search results from Google Scholar sometimes include more non-refereed references than peer-reviewed publications (e.g.table 2). While differences were expected, it was noted that the quality of Google Scholar search outputs was closely linked with the appropriate selection of technical and scientific terminology. In For comparison, the writer searched the University of Queensland Library catalogue associated with a search in the shelves for each term listed in table 2. He found several key references that were not listed in any search engines nor international databases, especially 12 books and 4 video documentaries. In fact, books, video documentaries, photographic records and sideshows are typical library resources that are often ignored by the Internet. Let us consider again the earlier example for the design of a hydraulic jump energy dissipator. A search for 'hydraulic jump, energy dissipation, spillway' at the University of Queensland Library yields nearly 25 books, monographs, theses and videos (figure 1). None is available on the Internet. Clearly these show that traditional libraries cannot be replaced simply by an Internet search.
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Comments
One advantage of search engines (e.g. Google Search ™ ) is the ability to search for online/digital versions of older manuscripts. For example, the writer found at least six libraries that hold the classical hydraulic engineering reference 'Recherches Hydrauliques' by Darcy and Bazin (1865) 
Discussion
In recent years, the writer has become increasingly concerned by the disinterest of young researchers, engineers and students for basic references that are not listed nor available in the Internet, like textbooks, handbooks, videos. This attitude covers also scientific publications published prior to 1997-2000 because these are too often not available on-line. This trend is true to most international scientific journals like Journal of Fluid Mechanics, Journal of Fluids Engineering ASME, Journal of Hydraulic Research IAHR or Experiments in Fluids. Many scientific journals should initiate some project to scan all earlier issues of their journal for digital access. Importantly the fact that an article or a book is not available in a digital format does not constitute a valid information on its standing. The number of citations by peers in refereed publications (e.g.using Science Citation Index) is a better indication of scholarship and quality.
We must understand that computer search engines and Internet databases cannot replace conventional libraries. They fail to convey well images, pictures, and graphical information. For example, they cannot express the beauty of turbulence in Nature (figures 1 and 2), the sorrows of an environmental catastrophe nor the extent of a human tragedy at world-scale (figure 3). Figure 2 shows a photograph of a tidal bore in France and the event was documented with some video materials. range of support including audio-visual, hard copies of older books and 3D animation that are not on-line. Internet 'surfing' does not replace browsing the shelves of a good scientific library.
Further digital materials are biased towards the American and English literature, at the expense of other sources (e.g. Vaughan and Thelwall 2004) . For example, in hydodynamics, Hero, the Bernoulli family, Jean-Charles de Borda, Joseph LAGRANGE, Pierre-Simon LAPLACE did not publish in English.
Lastly civil engineering, including hydraulic engineering, is not a 'virtual' science! Engineers and researchers must gain first hand experience in real professional situations, and comprehend the complex interactions between engineering and non-engineering constraints. Computer and Internet aids cannot replace field experience and personal individual observations (e.g. ).
Summary and conclusion
In summary, the writer believes that new search engines and open access digital repositories may fill a gap between traditional search engines, databases and libraries. But these new means should be not be confused with traditional libraries and international scientific databases that encompass textbooks and key peer-reviewed publications. Similarly the standing of textbooks and handbooks should not be confused with a lack of listing in some databases and repositories. Researchers, engineers and academics should be aware of these key differences in assessing the quality of bibliographic 'research' that would derive solely from Internet searches. In addition, Internet 'surfing' cannot replace traditional resources and personal experience. This is particularly true in hydraulic engineering and fluid mechanics, and the future lies probably in a complementary use of all tools by expert, knowledgable researchers, academics and engineers.
